Whether parenteral administration of reduced glutathione prevented ethanol induced damage to and depletion of sulfhydryl compounds in the human gastric mucosa was investigated. Ten healthy volunteers underwent endoscopy on three separate occasions. Gastric mucosal damage was induced by spraying 80% ethanol on to the gastric mucosa through the biopsy channel of the endoscope. The gastric mucosal score, total sulfhydryls, glutathione, and cysteine were evaluated in basal conditions and after ethanol administration with and without pretreatment with parenteral glutathione. Glutathione We studied 10 healthy men (age range 28-50 years, median 40 years), whose gastric mucosa was found to be normal by endoscopy and histology. There was no previous history of gastrointestinal disease or alcohol abuse nor were the subjects taking any drug. Haemorrhagic diathesis was excluded. Informed consent was obtained.
Ethanol induced gastric mucosal damage is associated with a significant reduction in the nonprotein sulfhydryl concentration in the rat and dog.'2 We have recently shown that in humans too the gastric mucosal damage induced by 80% ethanol is associated with a depletion of total sulfhydryls (that is, protein and non-protein) as well as of reduced glutathione and cysteine in both the gastric body and antrum. 3 Sulfhydryl containing agents have been reported to protect the gastric mucosa from ethanol induced damage in experimental animals.'I45 Whether sulfhydryl compounds exhibit similar gastric mucosal protective property in humans has not been evaluated.
We hypothesised that maintenance of gastric endogenous sulfhydryl compounds might be important for the gastric mucosa to resist challenge with ethanol. Therefore this study was aimed to assess whether parenteral administration of glutathione prevented ethanol induced depletion of gastric sulfhydryl compounds and gastric mucosal damage in humans.
Methods
Research was carried out according to the principles of the Declaration of Helsinki. The study was approved by the institutional human experimentation committee.
We studied 10 healthy men (age range 28-50 years, median 40 years), whose gastric mucosa was found to be normal by endoscopy and histology. There was no previous history of gastrointestinal disease or alcohol abuse nor were the subjects taking any drug. Haemorrhagic diathesis was excluded. Informed consent was obtained.
Each subject underwent three endoscopies on three separate occasions 7-10 days apart. At the first endoscopy, after evaluation of the gastric mucosal score according to Agrawal, et al6 (Table  I) , six to eight biopsy specimens were taken from the gastric body and antrum for histological evaluation and baseline determination of sulfhydryl, glutathione, and cysteine. At the second and third endoscopy, each subject was given intravenously and in random order normal saline (100 ml/10 minute) or reduced glutathione (Tationil-Boehringer Mannheim-Italia) 2-4 g in 100 ml of normal saline/10 minute. At the end of the infusion, 40 ml of 80% ethanol were sprayed along the greater curvature of the stomach from the antrum up to the mid-gastric body, via a catheter passed through the biopsy channel of the endoscope. The endoscope was withdrawn and 30 minutes were allowed to lapse before a new endoscopy was performed to assess gastric mucosal score and to take six to eight biopsy specimens from the gastric body and antrum for sulfhydryl determination. Specimens were taken from the areas that had been exposed to ethanol but haemorrhagic or erosive lesions were avoided. The gastric mucosa was observed immediately before biopsy and a blinded endoscopist (DT) graded the mucosal findings.
We also studied glutathione and cysteine plasma concentrations after an infusion of glutathione (2X4 g/10 minutes) in five subjects. Ultrasphere ODS C18. The analyses were run at a flow rate of 1 ml/minute, with 18% methanolwater containing 2 5% acetic acid. Ten to 100 nmol of glutathione and cysteine were treated as the samples to provide derivatised standards. Reduced sulfhydryls were expressed as nmol/g of wet tissue.
DETERMINATION OF PLASMA GLUTATHIONE AND CYSTEINE
In five subjects, the plasma concentrations of glutathione and cysteine were measured before and after infusion of glutathione 2-4 g/ 100 ml normal saline/10 minutes. Blood samples were taken before glutathione infusion (time point 0), immediately after the end of glutathione infusion, and then at 5 minute intervals over a 70 minute period. Samples were treated as described previously.'0 Glutathione and cysteine concentrations were 
Results
Parenteral administration of glutathione significantly decreased ethanol induced damage to the gastric body and antrum (Table II) . In fact, pretreatment with glutathione reduced the gastric mucosal score from 2-8 (0 4) to 1-2 (0 2) (p<001 v normal saline pretreated subjects) in the gastric body and from 1 5 (0 2) to 0 3 (0 2) (p<001 v normal saline pretreated subjects) in the antrum.
Pretreatment with glutathione significantly prevented the total sulfhydryl depletion brought about by ethanol (Table III) . In fact, total sulfhydryl tissue concentrations in normal saline or glutathione-pretreated subjects were decreased by 49% and 28%, respectively, in the gastric body (normal saline, ethanol v glutathione, ethanol: p<0 05), and by 61% and 23%, respectively, in the antrum (normal saline, ethanol v glutathione, ethanol: p<005). Figure 1 shows the effect of parenteral administration of glutathione on A positive correlation was found between the gastric endoscopic score and the tissue concentration of glutathione in the gastric body (r= 0 57, p<001) and antrum (r=0-63, p<001).
In order to evaluate the bioavailability of sulfhydryl compounds at the time of ethanol administration and of tissue sampling, we also evaluated the plasma concentration of glutathione and cysteine up to 70 minutes after the end of glutathione infusion (2-4 g/100 ml/10 minutes). The peak plasma concentration was reached at 25 minutes (that is, 15 minutes from the end of glutathione infusion) with a >10 fold increase in the glutathione concentration and a >fourfold increase in the cysteine plasma concentration (Fig 3) . At 35 minutes the glutathione concentration was back to the basal value, whereas it took almost 60 minutes for the cysteine to return to the baseline level (Fig 3) . 
